In our previous study, 1) we found that Lewis a epitope (Gal1-3(Fuc1-4)GlcNAc-) occurs in the N-glycan moiety of mountain cedar pollen allergen, Jun a 1. Such plant complex type N-glycans bearing Lewis a epitope in addition to a combination of 1-2 xylosyl and 1-3 fucosyl residues have been found among several plant glycoproteins. [2] [3] [4] [5] In the case of the Japanese cedar pollen allergen Cry j 1, although some structures of Nglycans linked to this glycoallergen have been proposed, 6, 7) the Lewis a epitope has not been found in the N-glycan moiety. Midoro-Horiuti et al. have cloned a cDNA of Jun a 1 and found that Jun a 1 possesses a high level of amino acid sequence homology with Cry j 1. 8) This finding suggests that the N-glycan moiety of Jun a 1 might be homologous with that of Cry j 1. Hence, we started a reinvestigation of glycoform of Cry j 1 to confirm the occurrence of the Lewis a epitope. Structural analysis clearly indicated that the Lewis a epitope does occur in the N-glycan moiety of Cry j 1, showing that the N-glycan moiety of Cry j 1 is also homologous with that of Jun a 1.
Materials and Methods
Materials. Cry j 1 was purified from Japanese cedar pollen as described in previous papers. 6, 9) An Asahipak NH2P-50 column (0:46 Â 25 cm) was purchased from Showa Denko (Tokyo, Japan), and a Cosmosil 5C18-AR * This work was supported in part by grants from the Ministry of Education, Science, Sports, and Culture of Japan (Basic Research (C),
No. 17580300 for Y.K). y To whom correspondence should be addressed. Fax: +81-86-251-8388; E-mail: yosh8mar@cc.okayama-u.ac.jp Abbreviations: PA-, pyridylamino; RP-HPLC, reverse-phase HPLC; SF-HPLC, size-fractionation HPLC; ESI-MS, electrospray ionization mass spectrometry; Hex, hexose; HexNAc, N-acetylhexosamine; Deoxhex, deoxyhexose; Pen, pentose; MFX, Xyl1-2Man1-4GlcNAc1-4(Fuc1-3)GlcNAc-PA; M3FX, Man1-6(Man1-3)(Xyl1-2)Man1-4GlcNAc1-4(Fuc1-3)GlcNAc-PA; GN1M3FX, GlcNAc1-2Man1-6(Man1-3)(Xyl1-2)Man1-4GlcNAc1-4(Fuc1-3)GlcNAc-PA; GN2M3FX, GlcNAc1-2Man1-6(GlcNAc1-2Man1-3)(Xyl1-2)Man1-4GlcNAc1-4(Fuc1-3)GlcNAc-PA; GFGN2M3FX, Gal column (0:6 Â 25 cm) from Nacalai Tesque (Kyoto). GN2M3FX and M3FX were prepared from the glycoproteins of oil palm pollens and ricin D.
10,11) GN1M3FX was prepared from glycoproteins of oil palm pollens 10) and Ginkgo biloba pollens.
12) -Mannosidase (jack bean) and 1-3/6 specific -galactosidase (recombinant expressed in E. coli) were purchased from Sigma (St. Louis, MO). -N-acetylglucosaminidase (Diplococcus pneumonia) was purchased from Boehringer (Mannheim, Germany). 1-3/4 Specific -fucosidase (Streptomyces sp. 142) and Lacto-N-biosidase (Streptomyces sp. 142) were purchased from Takara (Kyoto, Japan).
Preparation of pyridylaminated N-glycans from Cry j 1. N-Glycans were released by hydrazinolysis (100 C, 12 h, in 200 ml of anhydrous hydrazine) from lyophilized glycoallergens (about 50 mg). After N-acetylation of the hydrazinolysate with saturated ammonium bicarbonate (400 ml) and acetic anhydride (20 ml), the acetylated hydrazinolysate was desalted using Dowex 50 Â 2 resins. Pyridylamination of the sugar chains was done by the method of Natsuka and Hase. 13) Separation of PA-sugar chains was done by HPLC on a Jasco 880-PU HPLC apparatus with a Jasco 821-FP Intelligent Spectrofluorometer, using the Shodex Asahipak NH2P-50 column (0:46 Â 25 cm) and the Cosmosil 5C18-AR column (0:6 Â 25 cm). On the Cosmosil 5C18-AR column, the PA-sugar chains were eluted by increasing the acetonitrile concentration in 0.05% TFA linearly from 0 to 10% at a flow rate of 1.2 ml/min. In the case of size-fractionation HPLC using the Asahipak NH2P-50 column, the PA-sugar chains were eluted by increasing the water content in the water-acetonitrile mixture from 36 to 62% linearly in 60 min at a flow rate of 0.7 ml/min.
Electrospray ionization (ESI) mass spectrometry.
ESI-MS analysis of PA-sugar chains was done as described in our previous reports, 14) using a Perkin Elmer Sciex API-III triple-quadrupole mass spectrometer with an atmospheric-pressure ionization ion source.
Glycosidase digestion of PA-sugar chains. Digestion with jack bean -mannosidase, diplococcal -N-acetylglucosaminidase, and Lacto-N-biosidase was done using about 200 pmol of the PA-sugar chains under the conditions described in a previous report.
1) Digestion with the -fucosidase was done using 200 pmol in 25 mM Na-citrate buffer, pH 5.0 for 16 h. The resulting glycosidase-digests were analyzed by SF-HPLC using an Asahipak NH2P-50 column (0:46 Â 25 cm). 
Results and Discussion
ESI-MS analysis and exoglycosidase digestion of PA-Sugar chains from Cry j 1
First the PA-sugar chains from Cry j 1 were partially purified by RP-HPLC, as shown in Fig. 1A . The PAsugar chains were pooled as indicated by the horizontal bar. When other peaks observed on the chromatograms were analyzed by SF-HPLC, almost all the peaks were recovered in the run-through fraction. Hence we judged that these peaks were not N-glycans. As shown in Fig. 1B , three PA-sugar chains (peak-1, peak-2, and peak-3) from Cry j 1 were separated from the N-glycan fraction on the ODS column. The elution position of peak 1 coincided with that of GN2M3FX (from Jun a 1), peak 2 with that of Gal (Fig. 2III) . These results obtained by ESI-MS analysis support the deduced structures described above.
When a mixture of three N-glycans was treated with 1-3/4 fucosidase, as shown in Fig. 1B II, peak 1 was not digested but peaks 2 and 3 were, suggesting that the fucosyl residues are bound by an 1-3 or 1-4 linkage. When the 1-3/4 fucosidase digest was treated with diplococcal -galactosidase, galactosyl residue was not released (data not shown). On the contrary, the defucosylated PA-sugar chains from peaks 2 and 3 were digested by 1-3/6 specific galactosidase and the elution position of the galactosidase digests converged on that of GN2M3FX (Fig. 1B III) . These results indicated that the galactosyl residues were bound to outer GlcNAc residue(s) by a 1-3 or 1-6 linkage. The de-galactosylated product was converted to M3FX by diplococcal -Nacetylglucosaminidase digestion (Fig. 1B IV) , suggesting that two GlcNAc residues were bound to the M3FX structure by 1-2 linkage. Finally, the -N-acetylglucosaminidase digest was converted to MFX by jack bean -mannosidase digestion, as shown in Fig. 1B V. Endoglycosidase digestion of PA-sugar chains of peaks 2 and 3
To determine the linkage mode of the galactosyl residue, peaks 2 and 3 were treated with mixture of 1-3/4 fucosidase and lacto N-biosidase. It has been reported that the latter enzyme can release the Gal1-3GlcNAc unit but not the Gal1-4GlcNAc unit from galactose-containing complex type N-glycans. 15) As shown in Fig. 3II , the product obtained from peak 2 by the endoglycosidase digestion was eluted at the elution position of GN1M3FX, indicating that one Gal1-3GlcNAc unit was released. On the other hand, the product obtained from peak 3 by endoglycosidase digestion was eluted at the elution position of M3FX, indicating that two Gal1-3GlcNAc units were released. These results suggest that peaks 2 and 3 carry a 1-3 galactosy residue(s) and an 1-4 fucosyl residue(s) rather than a 1-4 galactosy residue(s) and an 1-3 fucosyl residue(s), suggesting that the Lewis a epitope(s) harbor in the N-glycan moiety of Cry j 1.
Comparison of N-glycan structures between Cry j 1 and Jun a 1
From the results of sugar chain mapping, ESI-MS analysis, and exo-and endo-glycosidase digestion, we found that Lewis a epitope (Gal1-3 (Fuc1-4)-GlcNAc1-), instead of the Gal1-4 (Fuc1-6)-GlcNAc1-unit, does occur in N-glycan moiety of Cry j 1. The proposed structures of N-glycans are shown in Table 1 . Concerning the structure of peak 2, from these results, it is difficult to determine which mannosyl residue (1-6 arm Man or 1-3 arm Man) harbors the Lewis a epitope. But in previous reports, 6, 7) it was reported that the Gal 1 Fuc 1 GlcNAc 1 unit is bound to the 1-6 arm mannosyl residue, and hence the structure of peak 2 might be Gal1-3 (Fuc1-4)GlcNAc1-2Man1-6(GlcNAc1-2Man1-3)Man1-4GlcNAc1-4GlcNAc. Comparing the oligosaccharide structures of Cry j 1 and Jun a 1, basically both glycoallergens bear very similar N-glycan compositions (the Lewis a epitope-containing type and the typical biantennary plant complex type N-glycan (GlcNAc 2 Man 3 Xyl 1 -Fuc 1 GlcNAc 2 )). As shown in Table 1 , in the case of Cry j 1, Lewis a epitope-containing structures (peaks 2 and 3) account for about 50% of total N-glycans. On the other hand, in the case of Jun a 1, such complex type structures account for 25% of total N-glycans. This observation suggests that expressions of 1-4 fucosyl and 1-3galactosyl transferases or some trimming glycosidases (-galactosidase and -hexosaminidase) working in the vacuole or cell wall might be slightly different in two kinds of pollen (the mountain cedar and the Japanese cedar), since Cry j 1 and Jun a 1 are highly homologous protein. 8) Although the physiological importance of the Lewis a epitope in the N-glycan moiety of Cry j 1 and Jun a 1 remains to be understood, it is reasonable to assume that the glycan moiety might be involved in plant cellular communication in analogy with the Lewis a epitope occurring in animal cells. 
